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@ Torque distribution control system for a four-wheel drive motor vehicle. 



® A torque distribution control system for a four- 
wheel drive motor vehicle has a central differential 
(50) comprising a complex planetary gear device 
and is mounted parallel to the front axle (4) of a 
motor vehicle. A transfer shaft (71) of a transfer 
device (70) is co-axialiy coupled to the planetary 
gear device (50). The planetary gear device (50) 
comprises a first sun gear (51) connected to an 
output shaft (15) of a transmission, a carrier (55), 
first and second planetary pinions (52, 54) co-axiaily 
coupled with each other and rotatably supported on 
the carrier (55). and a second sun gear (53). The 
first planetary pinion (52) is engaged with the first 
sun gear (51). and the second planetary pinion (54) 
is engaged with the second sun gear (53). A fluid 
^ operated multiple-disk clutch (60) is disposed coaxial 
O with the central differential so as to restrict the 
CM differential operation of the planetary gear device. 
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TORQUE DISTRIBUTION CONTROL SYSTEM FOR A FOUR-WHEEL DRIVE MOTOR VEHICLE 



The present invention r lates to a torque dis- 
tribution control system for a four-wheel drive mo- 
tor vehicle having a central differential, and more 
particularly to the system of a vehicle with a lat- 
erally mounted engine. ' 

In the four-wheel drive motor vehicle, a torque 
distribution ratio between front wheels and rear 
wheels is determined to coincide with a dynamic 
weight ratio of the front and rear wheels, so that 
power of the engine is effectively used at accelera- 
tion. 

In the four-wheel drive motor vehicle based on 
a front-wheel drive with a front-mounted engine 
which has the static weight ratio of 60 (front) : 40 
(rear), the ratio of front torque Tp to the front 
wheels and rear torque Tr to the rear wheels is 
'determined in the ratio of 50:50 which is same as 
the dynamic weight ratio thereof. In the four-wheel 
drive motor vehicle based on a rear-wheel drive 
with a front-mounted engine which has the static 
weight ratio of 50:50. the ratio of the front torque Tp 
and the rear torque Is determined 40:60 in the 
same ratio as the dynamic weight ratio. Accord- 
ingly, a central differential comprising bevel gears 
is employed In the former vehicle In which an 
output torque of the engine is equally distributed, 
and the central differential having a simple plan- 
etary gear device is employed in the latter vehicle. 

The former vehicle ensures safe driving on a 
slippery road. If a differential !oci< device is pro- 
vided for locking the central differential, a driving 
force of the vehicle is more Improved. However, 
steering ability of the vehicle is not particularly 
improved. That is, when the vehicle makes a tum 
at high speed under the differential lock condition, 
all the four wheels may slip (slipping spin) at the 
same time, causing difficulty in driving. 

In order to ensure driving stability of the ve- 
hicle, the torque to the rear wheels is set to a 
larger value than that to the front wheels by arrang- 
ing the central differential comprising the simple 
planetary gear device, so that the rear wheels may 
slip first. Thus, the vehicle can be safely driven by 
the front wheels at a small torque while the rear 
wheels idle. 

Japanese Patent Application Laid-Open 63- 
176728 discloses a four-wheel drive motor vehicle 
in which a central differential comprising a simple 
planetary gear device is provided. An output of a 
transmission is transmitted to a carrier of the plan- 
etary gear device. The torque is distributed to front 
wheels through either of a sun gear or a ring gear 
and to rear wheels through th other. The torque to 
the front and rear whe Is is unequally distributed at 
the ratio detenmlned by the difference between the 



pitch circles of the sun gear and the ring gear. A 
fluid operated multiple-disk friction clutch as a lock 
device is provided for controlling the differential 
operation. A standard torque distribution ratio de- 

6 termined by the ratio of the pitch circles cannot be 
changed, unless the diameters of the sun gear and 
the ring gear changes. 

In order to increase the standard torque dis- 
tribution ratio, the diameter of the sun gear is 

70 decreased or that of the ring gear is increased. 
However, in a power transmitting system where an 
axle differential for front or rear axles and the 
central differential are coaxlally disposed, a plural- 
ity of shafts such as axles, a front drive shaft, an 

75 input shaft connected to the transmission and a 
rear drive shaft are disposed so as to penetrate the 
sun gear. Therefore, the diameter of the sun gear 
cannot be decreased. On the other hand, the ring 
gear cannot be large because of limitation of space 

20 and of required gear ratio. Consequently, the power 
transmitting system cannot be applied to various 
vehicles having different static weight ratio, such as 
a front-wheel drive vehicle with a front-mounted 
engine, a rear-wheel drive vehicle with a rear- 

25 mounted and mid-shipped engine, 

IVIoreover, since the distribution of torque to the 
rear wheels can not be set to a large value, the 
control range of the multiple-disk friction clutch 
becomes small. Consequently, a motor vehicle 

30 having good drivabllity and steer ability can not be 
provided. 

In the four-wheel drive vehicle having a lat- 
erally mounted engine, the central differential and 
the fluid operated multiple disk clutch are usually 

35 co-axlally disposed with the front axle differential, 
thereby rendering the system compact. In addition, 
the same parts can be used for both transaxles of 
two wheel drive vehicles and four wheel drive ve- 
hicles. However, such as an^angement cannot be 

40 freely modified into various designs and configura- 
tion. Moreover, since a large torque at the final 
gear is directly transmitted to the central differen- 
tial, the central differential must be sufficiently rigid 
and durable. In addition, in the power transmission 

45 system where the engine is laterally mounted, a 
transfer device for changing the direction of the 
power train must be provided, so that the system 
must be arranged taking into account of the space 
and the strength thereof. 

50 An object of the present invention is to provide 
a torque distribution control system for a four-wheel 
drive motor vehicle having a lat rally mounted en- 
gine, in which a standard torque ratio of front 
wheels and rear wheels can be easily changed. 
Another object of the invention is to provide a 
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system in which a centra! differential and a fluid 
operated multiple-disk clutch are preferably ar- 
ranged with stiffness thereof. 

According to the present invention there is 
provided a system for controlling torque distribution 
to front wheels and rear wheels of a motor vehicle 
by way of front and rear axles respectively, said 
vehicle having a laterally mounted engine and a 
laterally mounted transmission, a central differen- 
tial, an axle differential for one of the axles coupled 
to said centra! differential, and a transfer device 
having a transfer shaft for transmitting the output of 
the central differential to the other axle wherein; 
said transfer shaft is mounted parallel with said one 
axle; 

said central differential comprises a planetary gear 
device including a first sun gear operatively con- 
nected to an output shaft of said transmission, a 
carrier, first and second planetary pinions co-axlally 
coupled with each other and rotatably supported on 
the carrier, and a second sun gear, 
said first and second sun gears are mounted co- 
axial with said transfer shaft, the first planetary 
pinion is engaged with the first sun gear, and the 
second planetary pinion is engaged with the sec- 
ond sun gear; 

a first torque transmitting member couples said 
carrier with said axle differential; 
a second torque transmitting member coupling said 
second sun gear with said transfer shaft: 
a fluid operated multiple-disk clutch disposed be- 
tween said first and second torque transmitting 
members so as to adjust the operation of said 
central differential; and 

control means for controlling the clutch torque of 
the multiple-disk clutch in accordance with driving 
conditions of the vehicle. 

In an aspect of the Invention, the fluid operated 
muitiple-disk clutch is disposed coaxial with the 
transfer shaft. 

The planetary gear device is so arranged with 
a rear-deviated distribution that a larger torque than 
the torque to the front wheels is transmitted to the 
rear wheels, and the clutch torque is controlled 
such that the torque distribution is changed be- 
tween the rear-deviated distribution and the dis- 
tribution con*esponding to the axle loads of the 
front and rear wheels. 

The control means comprises a hydraulic cir- 
cuit for supplying pressurized oil to the fluid op- 
erated multiple-disk clutch, and a control unit for 
controlling the pressure of oil supplied to the 
clutch. 

The other objects and features of this invention 
will become understood from the following descrip- 
tion with reference to the accompanying drawings. 
Figs, la and lb show a schematic diagram of a 
power transmission system for a four-wheel 



drive motor vehicle according to the present 
invention; 

Figs. 2a and 2b show an enlarg d sectional view 
of a central differential of the system; 
5 Rg. 3 is a perspective view showing a carrier 
and pinions provided in the central differentials; 
Fig. 4 Is a schematic view showing the central 
differential; 

Fig. 5 is a circuit showing a control system for a 
10 hydraulic clutch provided in the central differen- 
tial; 

Fig, 6 is a graph showing a clutch pressure 
look-up table; 

Fig. 7a is a graph showing a relationship be- 

15 tween front torque and rear torque; 

Fig. 7b is graph showing characteristics of a 
clutch pressure in accordance with a slip ratio; 
Fig. 8 is a flowchart showing an operation of a 
control unit in the control system; and 

20 Figs. 9a and 9b are schematic diagrams show- 
ing other examples of the central differential. 
Figs, la, 1b. 2a and 2b show a power transmis- 
sion system for a four-wheel drive motor vehicle to 
which the present invention is applied. An engine 

26 10 is laterally mounted on the motor vehicle at a 
right front portion thereof. The power transmission 
system comprises a clutch 13 connected to the 
engine 10 through a crankshaft 11 and a flywheel 
12 and housed in a clutch housing 1, a manual 

30 transmission 30 and a front axle differential 40 
housed in a transmission case 2 and a transfer 
device 70, a central differentia! 50 and a fluid 
operated multiple-disk clutch 60 housed in a trans- 
fer case 3 which is attached to the clutch housing 1 

35 offset therefrom toward the engine 10. The trans- 
mission 30 has an input shaft 14. an output shaft 
15 parallel with the input shaft 14, five pairs of 
change-speed gears 31 to 35 corresponding to first 
to fifth (overdrive) speed gears, and synchronizers 

40 36 to 38. The synchronizers 36 to 38 are disposed 
between the gears 31 and 32, between 33 and 34 
and adjacent the gears 35, respectively. A reverse 
drive gear 39 mounted on the input shaft 14 
meshes with a gear formed on one side of a sleeve 

45 of the synchronizer 36 through an idler gear (not 
shown) for reverse drive. 

A drive gear 16 fixedly mounted on the output 
shaft 15 meshes with a final gear 17 which is fixed 
to flanges of opposed hub members 17a by bolts 

so (Rg. 2a) at an inner periphery of the gear 17. The 
hub member 17a is rotatably supported in the 
clutch housing 1 and the transmission case 2 
through bearings 18. The front axle differential 40 
is disposed inside the hub members 17a. 

55 As shown in Rgs. 2a and 2b, the bevel gear 
front axle differential 40 has a differential case 11 
connected to a first tubular shaft 25 which is 
rotatably mounted on a right front axl 4R. In the 
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differential case 41 . there are provided with a pin- 
ion shaft 42 secured to the differential case 41 , two 
differential pinions 43 rotatably mounted on the 
pinion shaft 42 and two bevel side gears 44L, 44R 
meshed with pinions 42. The side gears 44L and 
44R are connected to left and right front axles 4L 
and 4R so as to respectively transmit the output 
power of the transmission to the left and right front 
wheels 5L and 5R and to absorb the difference of 
speeds there-between. 

The final gear 17 further meshes with a gear 
20a fomned on an Input shaft 20 of the central 
differential 50. The input shaft 20 Is disposed in 
parallel to the front axles 4L and 4R and rotatably 
mounted in the transmission case 2 through bear- 
ings 23. A first output shaft 22 and a transfer shaft 
71 of a transfer device 70 are coaxially disposed 
with the input shaft 20. An end portion of the first 
output shaft 22 is rotatably mounted in a cylindrical 
portion of the input shaft 20 and the other end 
portion of the output shaft 22 is securely mounted 
in a bore of the transfer shaft 71 with splines. The 
transfer shaft 71 is rotatably mounted in a transfer 
case 3 through bearings 72. A second output shaft 
21 is rotatably mounted on the first output shaft 22 
through a needle bearing 24. The central differen- 
tial 50 and the fluid operated multiple-disic clutch 
60 are mounted on the first output shaft 22 and 
hence they are disposed in parallel with, the front 
axles 4L. 4R. 

The central differential 50 Is a complex plan- 
etary gear device. The Input shaft 20 has a sleeve 
20b which is securely mounted thereon and is 
rotatably mounted on the first output shaft 22 
through a needle bearing 24a. The central differen- 
tial 50 comprises a first sun gear 51 formed on the 
sleeve 20b, three first planetary pinions 52 meshed 
with the first sun gear 51, a second sun gear 53 
formed on the first output shaft 22, three second 
planetary pinions 54 meshed with the second sun 
gear 53. and a can'ier 55. 

Refenring to Rg. 3, the carrier 55 has a boss 
55a, and annular flange portions 55b and 55c. Each 
of the flange portions 55b and 55c has three holes. 
Corresponding holes rotatably support a pin 56. 
The pinions 52 and 54 are integral with each other 
and rotatably mounted on the pin 56 through nee- 
dle bearings 57. The boss 55a is rotatably mounted 
in the transmission case 2 through a bearing 58. 
The flange portion 55c Is connected with a drive 
drum 61 of the clutch 60. 

Thus, the output torque from the output shaft 
15 of the transmission 30 is transmitted to the first 
sun gear 51 through th drive gear 16. the final 
g ar 17 and the input shaft 20 and further to the 
carrier 55 and the second sun gear 53 through the 
pinions 52, 54 at predetermined respective torque 
distribution ratios. The difference of rotating speeds 



between the carrier 55 and the second sun gear 53 
is absorbed by rotation of first and second plan- 
etary pinions 52 and 54. 

The operation of the central differential 50 for 

5 distributing the torque to the front wheels and the 
rear wheels will be described hereinafter with refer- 
ence to Fig. 4. 

An input torque Ti of the first sun gear 51 and 
the relationship between the sun gears and the 

10 pinions are expressed as follows, respectively. 
Ti = Tf + Tr (1) 
rsi + rpi = rs2 + irp2 (2) 
where Tp is the front torque transmitted from the 
carrier 55 to the first output shaft 21 . Tr is the rear 

75 torque transmitted from the second sun gear 53 to 
the second output shaft 24, rsi is the radius of the 
pitch circle of the first sun gear 51, rpi and rps are 
radii of pitch circles of first and second pinions 52 
and 54, respectively, and rsz is the radius of the 

20 pitch circle of the second sun gear 53. 

A tangential load P on the engaging point of 
the first sun gear 51 and the first pinion 52 is equal 
to the sum of a tangential load Pi on the carrier 55 
and a tangential load P2 on the engaging point of 

25 the second sun gear 53 and the second pinion 54. 
That is, 
P = Ti/rsi 
Pi = TF/(rsi + rpi) 
P2 = TR/rs2 

30 Ti/rsi = { (Tp/frsi + rpi) } + TR/rs2 (3) 

Substituting equations (1) and (2) for the equa- 
tion (3), 

Tf = (1 - rpi • rsa/rsi • rpa) • Ti 
Tr = (rpi • rsa/rsi • rpa) • Ti 

35 Consequently, it will be seen that the torque 
distribution for the front torque Tp and the rear 
torque Tr can be set to various values by changing 
the radii of the pitch circles of the sun gears 51 
and 53 and the pinions 52 and 54. 

40 If rsi is 23.5 mm, rpi is 16.5 mm. rp2 is 18.8 
mm and rs2 is 21,1 mm, the front torque Tp and 
the rear torque Tr are calculated as 
Tf = 20/53 • Ti 
Tr = 33/53 • TI 

45 Thus, the torque distribution ratio of the front 
wheels 5L, 5R and the rear wheels 9L, 9R is 
Tf : Tr H 38 : 62 

A large torque can be distributed to the rear 
wheels 9L. 9R. 

50 The clutch 60 comprises the drive drum 61 
secured on the carrier 55 of the central differential 
50, a driven drum 62 splined to the first output 
shaft 22, a plurality of disks 67a splined on the 
drum 81, and a plurality of disks 67b splined on the 

66 drum 62, alternately arranged. A retainer 670 is 
abutted on the innermost disk 67a by a snap ring 
67d secured to the drum 61. A piston 64 is pro- 
vided in the drum 61 and slidabty mounted on a 
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hub of the drum 61. An oil chamber 63 is formed 
between the piston 64 and the drum 61, A flange 
portion 21b of the second output shaft 21 is splined 
on the Inner periphery of the drive drum 81 at the 
opening end. A gear 21a formed on the second 
output shaft 21 meshes with a gear 26 securely 
mounted on the shaft 25. The gear 26 has a large 
diameter and is rotatably mounted in the transfer 
case 3 through bearings 27. Thus, the clutch 60 is 
provided between the carrier 55 and the second 
sun gear 53 so as to change the torque distribution 
ratio and to lock the central differentia! 50. 

When oil is supplied to the chamber 63. the 
piston 64 is pushed by the pressure of the oil. The 
piston 64 pushes the disks 67a and 67b to engage 
the clutch 60 for producing a clutch torque. 

A cylindrical retainer 65 is disposed in a space 
between the piston 64 and the driven drum 62. The 
retainer 65 is mounted on the hub of the drum 61 
and slidably engaged with an inner periphery of the 
piston 64. Thus, the retainer 65 is watertightly 
(sealingiy) mounted between the drum 62 and the 
piston 64. thereby defining a centrifugal oil pres- 
sure chamber 66, opposite to the oil chamber 63. A 
return coil spring 68 is provided in the chamber 66 
between the piston 64 and the retainer 65, thereby 
cancelling centrifugal force exerted on the piston 
64 upon rotation of the drum 62. 

The oil for the transmission 30 Is different from 
the oil for the clutch 60. Thus, oil seals 45 are 
disposed between the clutch housing 1 and the 
shaft 25 and between the transfer case 3 and the 
sleeve 20b of the input shaft 20 to separate oil for 
lubricating the transmission 30 fn^m the oil for 
operating the clutch 60. 

An oil pump 78 (Rg. 5) is provided on the 
transfer case 3 for supplying oil to the oil chamber 
63 of the clutch 60 through an oil passage 77 
formed in the transfer shaft 71 and the first output 
shaft 22. The oil pump 78 is driven by a motor and 
connected to an oil pressure control unit 76 pro- 
vided in the transfer case 3 to be applied with 
electric pulses from a control unit 90 to control the 
clutch 60. 

The transfer shaft 71 of the transfer device 70 
is connected to a rear drive shaft 75 perpendicular 
to the transfer shaft 71 through a pair of bevel 
gears 73, 74, thereby transmitting the power to the 
rear wheels 9L and 9R by way of the rear drive 
shaft 75, a propeller shaft 6. a rear differential 7 
and rear axles 8L and 8R. 

Referring to Fig. 5 showing a control system 
for the clutch 60, the oil pressure control unit 76 of 
the control system comprises a pressure regulator 
valve 80. a pilot valve 84. a clutch control valve 82 
and a solenoid operated duty control valve 87. The 
regulator valve 80 operates to regulate the pr s- 
sure of oil supplied from the oil pump 78 driven by 



the engine 10 to produce a predetermined line 
pressur and a lubricating oil pressur . An actuat- 
ing pressure conduit 81 is communicated with a 
passage 86 through the pilot valve 84. The pas- 

5 sage 86 Is communicated with the solenoid op- 
erated duty control valve 87 at downstream of an 
orifice 85, and with an end port of the clutch 
control valve 82. The conduit 81 is communicated 
with the clutch control valve 82 through a passage 

70 81a. The clutch control valve 82 is communicated 
with the clutch 60 through the passage 83. The 
solenoid operated valve 87 is operated by pulses 
from a control unit 90 at a duty ratio determined 
therein, so as to control draining the oil to provide 

75 a control pressure. The control pressure is applied 
to an end of a spool of the clutch control valve 82 
to control the oil supplied to the clutch 60 so as to 
control the clutch pressure (torque). 

The control unit 90 is supplied with output 

20 signal from a front-wheel speed sensor 91 , a rear- 
wheel speed sensor 92, a steering angle sensor 93 
and a shift position sensor 100 for detecting the 
shift position of the automatic transmission 30. As 
shown in Fig, 2b. the front-wheel speed sensor 91 

25 is provided on tiie transfer case 3 opposite the 
teeth 26b formed on a hub of the gear 26 and the 
rear-wheel speed sensor 92 is provided opposite 
the bevel gear 74 formed on the rear drive shaft 
75. 

30 The control unit 90 has a slip ratio calculator 
94 to which the front-wheel and rear-wheel speeds 
Np and Nr are applied. Since the standard torque 
distribution is determined in accordance with the 
principle of Tf:< Tr the rear wheels slip first 

36 (slipping spin). A slip ratio S Is calculated in accor- 
dance with the ratio of the front-wheei speed Nf to 
the rear-wheel speed Nr. S = Nf/Nr(S > 0). The 
slip ratio S, a steering angle and a shift position 
signal from the sensors 93 and 100 are applied to 

40 a clutch pressure setting section 95. in accordance 
with the input signals, the clutch pressure setting 
section 95 retrieves a clutch pressure Pc from a 
clutch pressure look up table 96. 

Rg. 6 shows clutch pressures stored in the 

46 look-up table 96, When the slip ratio S is S ^ 1, 
which means that the rear wheels 9U 9R do not 
slip, the clutch pressure Pc is set to a small value. 
When the rear wheels slip and the slip ratio S 
becomes S < 1. the clutch pressure Pc (clutch 

50 torque) increases with a decrease of the slip ratio 
S. When the slip ratio S becomes smaller than a 
set value SI, the clutch pressure Pc is set to a 
maximum Pcmax. Further, when the steering angle 
increases, the clutch pressure Pc is decreased. 

55 thereby preventing the tight corner braking. 

The clutch pressure Pc is applied to a duty 
ratio providing section 97 where a duty ratio D 
corresponding to the derived clutch pressure Pc is 
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provided. A duty signal with a duty ratio D provided 
at tlie section 97 is applied to the solenoid op- 
erated duty control valve 87. 

Fig. 8 is a flowchart showing the operation of 
the control unit 90, 

As aforementioned, the front-wheel speed Np 
and the rear-wheel speed Nr are detected and 
slipping of the front wheels 5L, 5R and rear wheels 
9L, 9R is calculated, if the slip ratio is smaller than 
the set value, a differential operation restricting 
clutch torque is derived from a look-up table 96 in 
accordance with a throttle opening degree, a ve- 
hicle speed, a shift position and the steering angle 
\P . The duty ratio corresponding to the derived 
clutch torque is applied to the solenoid operated 
valve 87. When the slip is larger than the set value, 
a clutch torque is derived from the look-up table 96 
for operating the valve 87 at slipping. 

Describing the operation of the system, the 
power of the engine 10 is transmitted through the 
clutch 13 to the manual transmission 30 at which 
the transmission ratio is controlled. The output of 
the transmission is transmitted to the first sun gear 
51 of the central differential 50 through the output 
shaft 16, the drive gear 16, the final gear 17 and 
the input shaft 20. Since the rotational speed is 
increased through the gears 17 and 20a. the input 
torque to the central differential 50 is reduced. The 
front torque Tf and the rear torque Tr is deter- 
mined In accordance with the radiiof the gears of 
the central differential 50. The torque is transmitted 
to the carrier 55 at a ratio, for example 38% and to 
the second sun gear 53 at a ratio, for example 
62%. 

If no slip state is detected in the control unit 90 
vyhiie the vehicle is driven on the dry road (S^l), a 
signal corresponding to the duty ratio of 100% is 
applied from the duty ratio providing section 97 to 
the solenoid operated duty control valve 87. Thus, 
the clutch control pressure becomes zero and the 
clutch control valve 82 operates to close the pas- 
sage 81a, thereby draining the oil from the clutch 
60. The clutch 60 is disengaged and the clutch 
torque becomes zero so as to render the central 
differential 50 free. 

Accordingly, the torque of the carrier 55 is 
transmitted to the front wheels 5L and 5R through 
the drum 61 of the clutch 60, the second output 
shaft 21. shaft 25, front differential 40 and axles 4L 
and 4R at the ratio 38%. The torque at distribution 
ratio of 62% is transmitted to the rear wheels 9L 
and 9R through the second sun gear 53, the first 
output shaft 22, the transfer shaft 71, the bevel 
gears 73 and 74, the rear drive shaft 75, the 
propeller shaft 6. the rear differential 7 and the rear 
axles 8L and 8R. Thus, a full-time four-wheel driv- 
ing Is established. 

At the standard torque distribution ratio, the 



vehicle is driven under the understeerlng condition, 
so that good operability of the vehicle Is ensured. 
Further, the vehicle smoothly negotiates a sharp 
comer owing to th differential operation of the 

5 central differential 50. 

If the vehicle Is driven on a slippery road, the 
rear wheels 9L, 9R slip first because the larger 
amount of torque Is distributed to the rear wheels 
9L, 9R. The slip ratio Si is calculated at the slip 

10 ratio calculator 94 of the control unit 90. A duty 
signal corresponding to clutch pressure Pci In ac- 
cordance with the slip ratio Si (S<1) is applied to 
the solenoid operated valve 87. The clutch control 
valve 82 Is operated by the control pressure of oil 

IS obtained by regulating the line pressure at the 
solenoid operated valve 87, so that the dutch 60 is 
engaged at the clutch pressure. Consequently, the 
clutch torque Tc is produced in the clutch 60. The 
clutch 60 is provided in parallel with the carrier 55 

20 and the second sun gear 53 of the central differen- 
tial 50. Accordingly, the clutch torque Tc is trans- 
mitted from the second sun gear 53 to the carrier 
55 to increase the torque to the front wheels. Thus, 
the distribution ratio of the front torque and the rear 

25 torque TriTr becomes Tfi:Tri, respectively, as 
shown in Figs. 7a and 7b. To the contrary, the 
torque to the rear wheels 9L, 9R is reduced to 
eliminate slipping, thereby improving driveabiiity to 
ensure good operability and safe driving. 

30 When the slip ratio S becomes smaller than 
the set value SI, the differential operation restricting 
torque becomes maximum by the pressure of oil in 
the clutch 60. 

Thus, the carrier 55 is directly engaged with 

35 the second sun gear 63 to lock the central differen- 
tial 50. Thus, the four-wheel driving is established 
in accordance with the torque distribution con-e- 
sponding to the axle loads of the front and rear 
wheels. Thus, the torciue distribution is continu- 

40 ously controlled in accordance with the slip con- 
dition for preventing the slipping of the wheels 5L, 
5R, 91, 9R. 

When the vehicle makes a tum, the clutch 
torque of the clutch 60 is decreased in accordance 

45 with the steering angle , so that the differential 
limit operation of the central differential 50 is de- 
creased to sufficiently absorb the speed difference 
between the front and rear wheels, thereby pre- 
venting the tight corner braking and ensuring good 

50 operability. 

It will be noted that the standard torque ratio 
and the torque distribution ratios may be set to 
other values than the above described embodi- 
ment 

65 Rgs. 9a shows another example of the central 
differ ntial. The fluid operated multiple-disk clutch 
60 is dispos d betw en the canri r 55 and th input 
shaft 20 of the central differential 50. Thus, a 
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bypass system 101 comprising th clutch 60 is 
provided for the transmitting system from the input 
shaft 20 to the first output shaft 22 and to the 
second output shaft 21 through the c ntral differen- 
tia! 50, When the rear wheels 9L, 9R slip, the 
speed difference in the central differential 50 be- 
comes: 

rear-wheel speed NR>speed of input shaft 20 > 
front-wheel speed Np. 

A part of input torque of the input shaft 20 is 
directly transmitted to the second output shaft 21 
through the drive drum 61 of the clutch 60 and the 
carrier 55 in accordance with the clutch torque Tc. 
The remaining torque is transmitted to the first 
output shaft 22 from the first sun gear 51 through 
the first and second pinions 52 and 54 and the 
second sun gear 53. The front- wheel torque Tp and 
the rear-wheel torque Tr are as follows. 
Tf = 0.38 {Ti - Tc) + Tc 
Tr = 0.62 (Ti - Tc) 

Since the clutch torque Tc is zero in the no slip 
state, the torque distribution ratio of the front and 
rear wheels is Tf:Tr = 38:62 When the rear wheels 
slip to produce clutch torque Tc, the input torque 
Ti proportional to the clutch torque Tc is directly 
transmitted to the front wheels 5L, 5R. The input 
torque Ti transmitted to the front wheels 5L, 5R 
becomes large with the increase of the clutch 
torque Tc. 

In the central differential of Fig. 9b, the input 
shaft 20 is provided with a transmitting member 
connected with the drum 61 of the clutch 60. The 
multiple-disk clutch 60 is disposed between the 
input shaft 20 and the first output shaft 22. Thus, 
the bypass system 101 comprising the clutch 60 is 
provided for the input shaft 20. The front-wheel 
torque Tf and the rear- wheel torque Tr are as 
follows. 

Tf = 0.38 (Ti + Tc) 

Tr = 0.62 (Ti + Tc) - Tc 

When the rear wheels 9U 9R slip, the torque 
corresponding, to the sum of the clutch torque Tc 
and the input torque Ti is transmitted to the front 
wheels 5L, 5R. 

The system of the present invention can be 
employed in a four-wheel drive motor vehicle of 
other types such as the type of the rear wheel 
drive vehicle with a rear engine. 

In accordance with the present invention, the 
central differential comprises two pairs of sun gears 
and planetary pinions and a can'ier. The standard 
torque distribution to front wheels 5L, 5R and the 
rear wheels 9L, 9R Is determined by radii of the 
pitch circl s of the gears and the pinions. Thus, the 
torque distribution ratio can be set to various val- 
ues. 

Accordingly, a rigid and compact system may 
be made to distribute larger torque to the rear 



wheels 9U 9R than that to the front wheels 5L, 5R. 
without changing th siz of the system. Since 
large torque is transmitted to the rear wheels 9L. 
9R, steerability is improv d and the slip of the 

6 wheels is accurately detected, thereby improving 
acceleration characteristics. In addition, wide con- 
trolling of the torque distribution can be performed. 
Thus, operability and driveability of the vehicle are 
accurately and property controlled, thereby improv- 

10 ing efficiencies thereof. 

Since the central differential and the fluid op- 
erated multiple-disk clutch are coaxially provided 
with the transfer shaft parallel to the front axels, a 
large space can be provided for the differential and 

15 the clutch. Thus, the central differential and the 
clutch can be arbitrarily disposed and the assem- 
blage thereof is facilitated. The fluid operated 
multiple-disk clutch has a sealed construction, so 
that a preferable lubricant for the clutch can be 

20 used. 

The torque transmitted to the central differen- 
tial can be decreased by increasing the speed of 
the input gear 20a. Accordingly, the central dif- 
ferential need not be extremely rigid, which en- 

25 ables reduction of the size thereof. 

While the presently preferred embodiments of 
the present invention have been shown and de- 
scribed, it is to be understood that these disclo- 
sures are for the purpose of illustration and that 

30 various changes and modifications may be made 
without departing from the scope of the invention 
as set forth in the appended claims. 

35 Claims 

1. A system for controlling torque distribution to 
front wheels (5) and rear wheels (9) of a motor 
vehicle by way of front and rear axles (4, 8) re- 

40 spectively, said vehicle having a laterally mounted 
engine (10) and a laterally mounted transmission, a 
central differential (50), an axle differential (40) for 
one of the axles (4, 8) coupled to said central 
differential (50), and a transfer device (70) having a 

45 transfer shaft (71) for transmitting the output of the 
central differential (50) to the other axle (8) 
wherein: 

said transfer shaft (71) is mounted parallel with said 
one axle (4); 

so said centra) differential (50) comprises a planetary 
gear device including a first sun gear (51) oper- 
atively connected to an output shaft (15) of said 
transmission, a carrier (55), first and second plan- 
etary pinions (52, 54) co-axially coupied with each 

66 other and rotatably supported on the can'ier (55), 
and a second sun gear (53). 
said first and second sun gears are mounted co- 
axial with said transfer shaft (71), the first planetary 
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pinion (52) Is engaged with the first sun gear (51), 
and the second planetary pinion (54) is engaged 
with the second sun gear (53); 
a first torque transmitting member (21) couples 
said carrier (55) with said axle differential (40); 5 
a second torque transmitting member (22) coupling 
said second sun gear (53) with said transfer shaft 
(71); 

a fluid operated multiple-disk ciutch (60) disposed 
between said first and second torque transmitting io 
members (21, 22) so as to adjust the operation of 
said central differential (50); and 
control means (76. 90) for controlling the clutch 
torque of the multiple-disk clutch (60) in accor- 
dance with driving conditions of the vehicle. 75 

2. A system according to claim 1, wherein said 
fluid operated multiple-disk clutch (60) is disposed 
co-axially with said transfer shaft (71). 

3. A system according to claim 1 or claim 2, 
wherein 20 
the central differential is arranged to provide a 
torque distribution so that a larger torque than the 
torque to the front wheels (5) is transmitted to the 

rear wheels (9), and the clutch torque is controlled 
such that the torque distribution is changed be- as 
tween the rear-deviated distribution and a distribu- 
tion corresponding to the axle loads of the front (5) 
and rear wheels (9). 

4. A system according to one of claims 1 to 3 
wherein, 30 
the control means (76, 90) comprises an hydraulic 
circuit (76) for supplying pressurised oil to the fluid 
operated multiple-disk clutch (60), and a control 

unit (90) for controlling the pressure of oil supplied 

to the clutch (60), 35 

5. A system according to claim 4. wherein 
the hydraulic circuit comprises 

an oil pump (78). 

a pressure regulator valve (80) for regulating the 

pressure of the oil supplied from the oil pump (78) 4q 

to produce a line pressure. 

a cfutch control valve (82) for controlling the oil 

supplied to the clutch (60). 

a solenoid operated duty control valve (87) for 

controlling the pressure of the oil supplied to the 45 

clutch control valve (82), 

and the control unit (90) comprises a slip ratio 
calculator (94) for calculating slip ratio between the 
rear wheels (9) and the front wheels (5) in accor- 
dance with the ratio between the front-wheel speed eo 
and the rear-wheel speed, 
clutch pressure setting means (95) responsive to 
the slip ratio for providing a clutch pressure, and 
duty ratio providing means (97) responsive to the 
clutch pressure for applying pulses having a duty 55 
ratio corresponding to the clutch pr ssure to the 
duty control valve (87) for controlling the pr ssure 
of oil. 
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FIG. 2a 
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FIG. 2b 
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FIG. 7a 



FIG. 7b 
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